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1. Introduction. 

While the study of the paired fins of fishes, and also the dor.sal 
and anal among tlie median unpaired fins, has been ])roseeut,ed in 
great detail, a .s 3 'steniatie, detailed investigation of the caudal lin 
seems to have received much less attention. Some authors liave 
dealt somewhat extensively with the subject, yet these have only 
treated of a com 2 )aratively few species; it was thought advisable, 
therefore, that such an important organ as the caudal fin of fishes 
should receive a broad treatment, and to cany out this purpose, 
several scores of difierent species liave been subjected to a detailed 
examination of tlie skeletal parts of the fin. Tlic number treated 
of includes sjiecies from as many widel}" difierent families as it 
has been possible to obtain, so that almost every form of tail 
likely to occur should be made known. It is impossible to include 
every type exa.mine<l in the present paper, but the subject will be 
coiu])leted at as earl}' a date as possible. 

Tlie Tcleostei will receive the fullest treatment, but some 
reference will be made to other groups for the .sake of presenting 
a more eom]iletc account of the piscine tail-fin. It has luam 
ini])Ossible, as V(‘t, to investigate the tail of the Dipnoi, but it is 
Imped that this grou]> also will be dealt with in due course. 

IMaterial for the work lias been obtained from vai'ious sources, 
th(^ largest (juantity having been obtained at Kajiles during my 
occupation of the British Association table at tlu* Zoological 
Station in tliat town, during the six months ended I\1 ay, 11)08. 
Other valuable, material has been supplied to me by a number of 
friends. 1 should like to mention here that tlie whole invi'stiga- 
tion is due to tln‘ suggestion of the late Profcs.soi' Bridge, 
under who.se superinten<h>nco tlu‘ work was carried out; it was :i, 
])leasun^ and fortune tn have so able a critic and kindly ndvisia* as 
mv late rrvmcd teaclim*. .1 wish also to expre.ss my best thanks 
to the British A.s.so(‘iation for apj>ointing me to occu])y t heir table 
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at tlie Naples Zoological Station, The many friends wlio hare 
supplied me Avith material and suggestions also have my best 
thanks. For the identification of most of the species 1 .‘un greatly 
indebted to Di*. Lo lliauco of the Naples Zoological Station. 
Lastly, I am deeply grateful to the. Birmingham Natural lli.story 
and Philosophical ^Society and others, for grants without which 
the work could scarcely have been done. 

The dissections Inwe been carried out as carefully as i)ossiblo 
under the microscope, and it Avas found necessary in most cases 
to render the specimen transparent by some clearing agent such 
as turpentine or xylol, in order to see exactly how the A^ertebral 
column ended, and to clear up any other doubtful points. 

In revieAving the literature on the subject of caudal fins, the 
A^ery immerous casual references must be omitted for the present. 
Perhaps the earliest definite Avork relating to fishes’ tails is that 
of Agassiz in 1833, in Avhich the author recognized tAvo types of 
caudal fin, the heterocercal and homocercal ; the former term still 
i-etains its original meaning, but the latter was only used to 
indicate an externally symmetrical fin as distinguished from the 
asymmetrical heterocercal form. In a geological contribution by 
McCoy in 1848, the term diphycercal ” first appeared to desig- 
nate the truly symmetrical caudal fin ; it is interesting to note 
that Cope in 1871 coined the term “isocercaL’ to mean the same 
thing, in ignorance, as that author states, of IMcCoy’s paper. 
Stannius, in a text-book on the Yertebrata, published in 1854, 
gives considerable attention to the tail-fin ; he refers to a very 
large number of Teleosts, but with questionable accuracy. The 
most interesting feature of his remarks concerns his belief, Avhich 
seems to be true, that the supports of the fin-rays are formed of 
arches and radials fused ; Belone is quoted in support of this 
vieAv. 

But it Avas in 1859 that Huxley first gaA^e a correct description 
and interpretation of the homocercal tail ; he exposed the f.tlse 
symmetry of form in Gasterosteus^ and traced its development. 
It is unfortunate that the promised account of the development of 
the eel’s tail never appeared, for the slight reference made to this 
form is of doubtful accuracy, due, no doubt, to only a superficial 
examination. Very soon followed (in 1860) an excellent essay 
on caudal fins among Ganoids and some Teleosts by Kolliker, 
accompanied by valuable figures Avhich haA^e been i*eproducod 
almost universally since. Lotz followed in 1864 Avith a pa])or 
containing little iieAV Avork. 

A revival Avas gi\^en to the subject in 1878 by Alex. Agassiz in 
a short paper on the develoi^ment of the tail of the flounder ; his 
remarks had the effect of raising the important question df tln^ 
true morphology of the homocercal caudal fin. In 1882, 
E. T. Newton read a paper on Fishes' Tails ” before the Quekett 
IMicroscopical Club; this consisted of a general review of past 
Avork, together Avith a descj’iption of the tail of the sprat; the 
paper included an incorrect figure of the caudal fin of the cod. 
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The most coinpinOiensive work of oil, liowevci*, was piihli.shed 
1)V Uydei* in 18SG ; on the whole, it contained viaw useful infor- 
mation, blit his liii^nre of the tail of the yonng eel is wronj; with 
respect to the nenval arches. Uvder’s sn^^^n-.stions on the ori^dn 
of heterocercy are interesting and proljahly coiTi'ct, though some- 
what novel. Ityder's evolntionary .series of tlie forms of the 
caudal fin ha.s come to he acknowledged as theorderof a|)]u'arrnee 
of the diderent tyjies in time. The next work of imjioi-taiKM' 
dealing with caudal tins of fishes was wi-ittcm in 1(S95 by hollo in 
discussing the [ihylogeny of the Dipnoi : basing his eoncliisions on 
g(S)logieal evidence's, he gives the term ge]»hyroct‘i‘ey an extra- 
ordinarily wide application ; this arises from the i<lea, si 1 ‘ongly 
upheld by .hollo, that the ])resont camlal fin in many '.releosts 
is really a ])osterior anal tin, brought into ils pi-escmt position 
by com}>lete atrophy (/f the real camlal. Dodo's is the last of 
important referen(*e.s regarding the tail-fin. 

1-joulenger, in 1901, in dealing with the fishes of the Congo, 
gave a good summary of work done. In 1907, (Iregory, in his 
work on the classification of Teleostomoiis fishes, makes continual 
references to the caudal lin ; but it is didicult to recom-ih' many 
of his statements: for instance, the caudal fin of Mastacemhdun 
is referred to as gephyrocercal, while in fact internally it is (|uit(^ 
a generalized liomocereal type. As an appendi.x to tlu* work, 
there was given an elaborate scheme of the evolution of the 
caudal fin, which includes several new terms, consiilercMl by some 
as unnecessary. 

2. Terminology. 

In oi’der to avoid any amlhguity, I ha\'e thought, it necessaryto 
modify the meaning of sevei’al terms; some have been widened 
and others have been nioi*e restricted as ivgards their denotation. 
The reasons for such modifications are given in their respective 
paragra])h.s : — 

1. (^rostffh. — Thi.s term is uschI in the generally accepted sense 

denoting the more oi‘ le-^s elongated cone-like ti'ianinat ion of 
the vertebral column, appc'a.ring as a. prolongation of the last 
centnim. It repre.sents tiie fusion of sever;il centra. 

2. Uijpaxlal. — This adjective refers to any structure morpho- 

logically ventral to the chordal axis. 

:i. Kpuxlal. — This ad jective refers to any .structure niorphologica lly 
dm sal to the chonlal axis. 

Hi/pnral. — Any h}'[)axial {dement having a direct conmvtion 
with tin* (diordal axis, and bearing one or more lin-rays 
distally, will he called a hypiiral or hv]>ural bone. Prcwiously, 
thi.s term has been iise<l I’atlu'i- loo.s(*ly and in such a way as 
to leave one' in doubtasto its limibition ; the limitation given 
above*, concerning its diri^ct connection with tin* idiordal 
axis i. p. as a g(‘n(*r:d rub*, wilh centi’a- — -as will In* seen 
later, both svi<h*ns and mirvows the me.aning of the term, 
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5. Epiiral. — This term inny he ro^nrded ns n])]dying to the dorsal 

homologiie of tlie ventral hy])m'al, i. e. any ei)nxinl element, 
having direct continuity with the chordal axis, and h(‘aring 
one or more fin -rays at its distal end, will be called an epural 
or epural bone. It is only after the most careful consideration 
tiiat I have decided to change the definition of this term. I t 
was established ly Hnxley in 1859, and appears to havelx^en 
used by him to indicate tho.se isolated ray-bearing b(ua‘s 
situatecl immediately dorsal to the urostyle in GusterofiiPitH. 
The change 'suggested is based solely on my conclusions 
respecting the real morphological value of the several fin-ray 
supports, and, reluctaiit as I am to make any cluinges in 
established nomenclature, I believe the reader will agree that 
the subject will be much simplified by the change. 

6. Radial, — The term radial is used in its nsnal sense as synoiiy- 

nious with “ interspinons bone” and ‘‘ somactid ” of some 
writers; it implies a more or less daggei'-like bone, primarily 
having no direct continuity with the vertebral column, and 
supporting distally one or moi'e fin-rays. 

7. Last vertebral segment. — This term will refer to the last centi'um 

pins urostyle, if such exists. The last centrum is never [)or- 
fect, and is often no more than a cone, the apex of which is 
directed po.steriorly. 

3. Morphology of Caudal Fixs. 

This section will be descriptive of a selection of caudal fins, and 
the order in which the}^ are dealt with corresponds e.s.sentially 
with the classification given by Sedgwick in his ‘ Text-T>o(dv of 
Zoology.’ Owing to lack of time and material, the series is not 
as complete as one would wisli ; for example, only the Silurida^ 
among the Ostariophy«i receive attention, and the Syinbi'ancliii 
are completely omitted. Excejit for these sub-orders, liowever, 
the types are fairly representative of the others, at least of the 
Teleostei. Almost evei-y example taken presents interesting 
features, but owing to the impossibility of including, in the 
})resent paper, figures of all the species treated, only the barest 
description of many forms can l)e attempted at present. 

Acipexser STURiu. (Choiidrostei, Acipen.seridte.) (Plate XJjVIl. 

fig. 2.) 

The Sturgeon presents a definitely heterocercal tail ; the end of 
the caudal axis from the root of the tail-fin is directed upwards, 
and the ventral lobe is enlarged, producing a very inisymmetrical 
fin. No centra, are formed from the notochordal sheatli. The 
ventral lobe of the fin is sup})orted by a very regular series of 
hyi>nrals ; the name hypural has been a])plied here, since these 
structures strictly comply with the detinition. They are of 
yrirficular interest, because, in the anterior part of the fin, wliere 
they are mo.st strongly de\eloped, they exhibit a definite .'^e.grnen- 
tatioii: the large.st show four siicces.dve segments //g. and d.. 
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in t)ie figure) ; jiroooodin^^ biU‘kAV;ir<l.s, as they l)oconie smaller, 
three segments are sliown, then two, and finally only one can he 
ti-aced. Mdiis segmentation is due, I helieve, to the formation of the 
hyj)iiral hy the coalescence of radial with hiemal arch ; anteriorly, 
the three segments, the proximal (/>.), median (in.), and di.stal ((/.), 
of the radials ai‘0 present, the distal still remaining fi’ce ; from 
l)(‘foi'C, backwards, the fusion becomes more perfect and finally 
all trace of it is lost This composite nature is a feature which 
sidistantiates the claim of tin so hypaxial sii])ports to the 
title hypural. The dermotrichia constituting the vential lobe 
considei-ably overlaj) their endoskelotal snp])orts. Dorsally, the 
arches (n.a.) and ladials (cZ.c.r.) remain distinct thronghont the 
fin and are less regular than the hypaxial elements. The dorsal 
ratlia-ls are almost hidden from view by the forking proximal emls 
(removed in the figure) of the stout fulcra which fi-inge the margin 
of the doi-sal lobe. The whole of the elements at the extremity of 
the tail are hidden by the dermotrichia. 

PoiA^onoN SPATULA. (Chondrostei, Polyodontida}.) (PlateXLYII. 
fig. :i.) 

Externally the tail of Pohjodon is very deceptive ; its .symmetry 
of foi'in is most marked, and it resembles in outline the dee])ly 
cleft tail of .some Teleosts. Tt is wtdbknown, however, that on 
dissection it proves to be an exees.sively heterocercal type, the 
caudal axis lieing directed upwards and extending to the extremity 
of tlie dorsal lobe. Xo centra are foi-med. Ahno.st throughout 
the tail-fin the neural ai'ches are single elements, and are 

somewhat irregular in size, particularly towards the extremity of 
the axis. ] testing upon these arehes are the radials (^Z.c.?*.) ; the 
first four or five are slender in build, but almost throughout the 
lin they resemble the neural arches themselves. They, too, are 
verv irregular both in disposition and size, and here and there 
tliey show signs of having been more numerous formerly. The 
various elenuaits at the extremity of the axis are ditHeult to dis- 
tingui.sh, owing to their small size and tendency to fusion ; the 
same dilliculty is experienced ventrally in this region. The radials 
ai-(‘ the immediate sujjports of the fid era (/’.). 

Turning to tbe ventral elimients, a very ri'gnlar series ]u*e.sents 
it sedf, in si riking conti'ast to the doi'.sal side: tluae is a. regular 
s(‘ries of hypurals, V(‘ry largi* at the root of the fin where 1 lie large 
dermotrichia, of the ventral lolie aie su})ported. As in .(c/}>cyesrr, 
verv many of the.se hyjmrals show distinct segmentation, thus 
gi\ nig evidence of being composed of four successi^•e elcuu'uts, the 
ilistal of which, in tlu? case of the first .stwiai suj>ports, is distiiu't 
and separate. 'I'he interpretation seems to lu‘ that each hy}>ural 
is composed of haanal arch and radial fused, the ti*i-segm(Mital 
nature of tiie latter btung retained in several i*ases. Xatui-ally the 
best i‘xamph*s of this ai-e given by the anterior hypuraks, where 
till* sup()orting elements ar(> larg(*r. The t-i‘i-segim*ntal arrange- 
ment gradually gives way to a bi- and finally a uni segmental 
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structure in passing from before, backwards. The caudal fin of 
Polyodon^ tlieu, is obviously beterocercal, but of a more .specialize<l 
type than Aciyenser^ on account of its nearer approach to the 
homocercal type. 


Amia calva. (Holostei.) (Plate XLVII, fig. 4.) 

The caudal fin of Amm is externally symmetrical, or at any 
rate the discrepancy in symmetry is very slight iiidecid, and 
nc'gligible. But dissection reveals a very unsyminetrical internal 
structure ; at the root of the fin the vertebral column takes a 
siulden tuni upwards, at a considerable angle. The centra are 
well formed and I’etained throughout the length of the axis, and 
consequently no urostyle is present. Xearly the whole of the 
dermotrichia are supported by hypurals, a feature which it shares 
with the majority of Teleostean fishes ; these hypurals are slightly 
expanded or somewhat club-shaped at their distal ends, and each 
bears a single fin-ray. The last three hypurals belong to the last 
centrum, but each of the other centra possesses but one hypural. 
The final dorsal element (fig. 4, nxd.) is strikingly large, and con- 
tinues beyond the vertebral axis for some distance between the 
• fin-rays. Kolliker remarks that it is cartilaginous and contains 
the s])inal cord : he regards it as an incorporation of vei’tebra) and 
neural arches. In tlie specimens I have examined, the same 
structure proved to be bony, and grooved along the doi'sal edge to 
conduct the spinal cord ; it appeals to con*espond to a bone, fre- 
quently found among the Teleostei, which I have regarded as a 
persistent neural arch, retained, even when its adjacent homologues 
are suppressed, as a protection for the delicate termination of the 
spinal cord. According to Kolliker, there are three dorsal caudal 
radials {cl.c.r.) remaining as supports for the insignificant fin-rays 
which constitute the epaxia.1 contribution to the caudal fin ; but 
these dorsal radials are very poorly developed. j\Iost authorities 
agree that the caudal fin of Amia is scarcely cori-ectly described 
by being called beterocercal, and therefore it is generally referred 
to as hemi-heterocercal. So iieai*, however, does the structure 
a.]iproach homocercy that hemi-lioinocei'cal would probably be a 
more suggestive designation : however that may be, the fin may 
certainly be considered the most specialized type of heterocercal 
forms. 

General remarks on the Ganoid Caudal Fin. 

It has been thought advi.sable to omit any detailed references 
to other Ganoids than the three considered, for the present, since 
they have not been cleared up to my entire satisfaction and 
material is lacking. But the Ganoid caudal is characteristically 
heterocercal; tridy protocercal forms are absent, and homocercy 
is nowhere attained within the group. The three types considered 
illustrate how the tendency of specialization is to aj)proach the 
homocercal condition ; in xici]>e)ise)\ the typical hetorocmral form, 
so characteristic of the Elasmobi-anchs, is j)r(‘sent ; I^oh/ndon, by 
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nn iiK lea.M* in the si/.e of tlie ventral lolie reach(‘.s ;r .st(‘p towards 
1 lie (*.\teriinlly synmu ti-ical lioinoeercal lin ; while Anna proceeds 
furthest of all in the homocercal dii-ection, recjuirin^ but one single 
feature, the possession of a true iirostyle, to attain the homocercal 
co.idition. 


TELKOSTh:i. 

A LACQ P T i: 4 V c;i 1. 

^louMYiirs KAXXUMi:. (i\Ionnyri(Ue.) 

Jn gtuieral, Mova})/ra.s provides a type of liomocercal caudal lin 
liy no means geiieralizc<l. M.'lie Jast two or three vertvhra* aiH‘ 
directed slightly u[iwar<ls. ^hhe urostyle is absent or fused com* 
])let(‘ly with a. hypural bone ; such an advanced homocercal feature* 
as this is not consistent with the jiosition of Monni/ras as one of 
the least specialized of Teleosts,a. position assigned to it according 
to general characters. In rc'sjuct to the hvjmrals, uncommon 
features are shown : in the first jilace thp last centnnu ju'csumably 
is fused with the last hypural but one, instead of the last as is 
usual: again, two hy}>urals are attached to the penultimate 
veit-ebra and the anterior of these is exccjitionally large. Jt is 
im])ortant to notice that only two hypural bom‘s ^I'c associat(‘<l 
with the last vertebral segment — the small number being another 
feature of the specialized homocercal c;iiidal. The ejiaxial 
elements are interesting ; the neural nreh to the last ci uti inu is 
strongly develojied : it is pierced throughout by the sjiinal cord 
which is continued beyond the arch among the dennoti ichia. Jt 
will be remembered that a similar condition of the last neural arch 
was found in Antla, The neural ai'ch of the penultimate vertebra 
is v(*ry much reduced, and the ante|jenultimate vertebra bears an 
epural bone. 

J'] NO KA r u S EX CT'v AS K‘ 1 1 o LUS . (Oil q )C ida\) 

'fhe Anchovy jiroyides an illusti at ion of one of Ihe h‘nst speci- 
rdized of homocercal caudal tins. No I'cntra enter into the 
upturn<*d part of the caudal axis. The notochord is prolongisl 
ln*yond the long urostyle, but e.\(a‘])t foi* the extrenui end which 
extends among the d(‘iniotrichia, it is protiT’tc'd by si'veial slender 
and closely titting enshealhing horns which it is ilitlicult to 
honiologiz(‘. Dorsally and veiitrally at the end of the notochord 
is a (hdicate ciirtilage, each, it. maybe, a vestigi* of once functional 
mmrjil or Iwemal arches; such vestiges aie rifeiTcd to by Kyder 
as opi.sthural cai-t.ilages. The hvpaxial endoskeh'tal su]i])Oits of 
t.h(‘ tin-iviys ai(‘ nim* in number, s<‘vmi of which luOoug to tin* last 
\ ertebral .segnumt. It is a litth* dillicnlt to ilecidi* whether the 
term hypural is coiTcct for all tlu'si^ supports. as some, at any rate, 
appear to be v(*ntral caudal radials only; however, it. will hi' 
better for the pie.^eiit to call :ill of them hypiirals. d’his lish 
])ossi sses t he largest imuihcr of hy|Uirals (\ iz. >e\eu)lo the last 
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verfcebrfil segment wliidi has been found. 11u‘ dorstil contril)!!' 
tioti to the caudal flu is comparatively small. Of the last four 
vertebrm all but the last bear epiiral bones and the last appears 
to have its neural arch greatly reduced, d’be most j)Ost(‘rior of 
the epaxial fin-ray.s are sup[)orted by two nr throe i)oorly develo]M*d 
dorsal caudal radials; the proximal ends of these radials aiv 
almost in contact with a triangular cartilage applied to the dorsal 
side of the notochord near the termination of the urostyle ; this 
cartilage probably represents a vanishing neural arch. 

(Jlupea pilchardus. (Clupeidse.) (Plate XLYll. fig. 5.) 

The caudal fin of the Pilchard very closely resembles that of the 
Anchovy. The urostyle {ur.) is long and slender, and the noto- 
chord (vo) is produced beyond it, but not beyond the distal ends of 
the endoskeletal su])})orts, An ojnsthural cartilage (ox.) is 
attached to the end of the notochord, and extends between the 
dermotrichia. Xine hyj)uial bones are present, seven of which 
belong to the last vertebral segment, as in E i(rj)'atdls\ the 
hypiirals vary considerably in size, Epaxia.lly, the dermotrichia. 
are suppemted by two epurals {ep.) and three dorsal caudal radials 
{(l.c.r.) ; the latter are short bones situated between the last 
e[)ural and the notochord. Proximally the dorsal radials abut a 
triangular bone — cartilage in Enyraulis — on the dorsal 

side of the urostyle : this triangular bone probaldy represents one 
nr more neural arches of vertebrm now absorbed intotlie urostyh^. 
The last centrum {Lv.) is pinvided with a large spatulatc neural 
ardi {n.a.) peculiarly constricted at its proximal end. 

Comparing the caudal fins of the two Clupeoids here described 
and also that of the 8prat as detailed by Newton, it will be seen 
that there is a striking similarity throughout; the figure given in 
Newton’s paper is that of a young Clnpea sprattns, and tlie 
urostyle is seen to be composed of several centra which, no doubt, 
are also present in C. pilchardus ami E)tgrauUs e/acraslcJiolits in 
the young, but which are obliterated in the adult AH show a 
lowly specialized homocei'cal form, approaching very closely the 
A mia type. 

NpxppTEPvUfci BQRXEExsis. (Notopteruhe.) (Plate XLYll. 
fig. G.) 

This fish is provided witli a highly S])ecialized caudfil fin, and 
also presents one or two peculiarities. The caudal is continuous 
with the ventral median fin, but the caudal proper may here be 
limited to that ])art composed of dermotrichia wliich are attached 
to the endoskeleton by means of a proximal forking, as distin- 
guished from the bail and socket nature of the att:ichment of the 
anterior Gn-rays to the radials. Thus the caudal tin is suj)ported 
hy three hypnrals and one epural ; lienee it is not stn'ctly hypo- 
cereal as Gregory states. No urostyle can be seen in the di.sscction, 
aiul even clearing fails to give any certain clue as to its exact 
outline in the substance of the k\st hyjHtral bone, and what 
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may be at first considered a urostyle, indicated by a rid^»-e 
along tlie dorsal side of the liypural, has a companion lidge 
directed ventralwards ; the loss of the urostyle or its fusion 
with a hypnral bone is an advanced character. A large hypural 
bearing four derniotrichia is attached to the jicnultimate vertebra, 
while that of the antepenultimate snjjports only one. An 
interesting feature in this caudal fm is the Ojiaxial fin-ray 
su]iport; this consists of a single epnral bone broadly exjianded 
distally, and attacheil to the penultimate vertebra.. Such an 
('Xpanded epural is cpiite unusual in caudal fins, and i know of no 
other instance. 

General remarks on the 2[alacopter}jrfu^ 

The examples chosen illustrate how varied the caudal fin 
sti ncture may be, even in a single sub-order of Tek'osts. Two 
extreme ty[>es are met w'ith : the Clupeoids, by the extension of 
notochord beyond the bony axis, by the vestiges of once functional 
arches in the form of opisthural cartilages, and by the large nundjer 
of hy])ura.l bones to the last vertebral segment, provide an 
(‘xample of a lowly specialized form of caudal tin ; while Xotopterus^ 
])y the loss of the urostyle and the reduction of the number of 
bypurals to the last vertebral segment to a single bone, is an 
example of a highly specialized form. 

0 s T A u I o r II Y s I, 

Cearias sp. ? (Siluridie.) 

Only a single specimen of this fish has been procurable, but the 
caudal fin appears to be cpiite normal. The tail-fin is fully 
iliflerentiated although the dorsal and ventral fins reach nearly to 
the end of the body. Internally the skeleton is I'emarkable in 
presenting a veiy long urostyle, longer than that of any fish 
examined, extending posteriorly as far as the distal ends of the 
hv])urals; it docs not appear to be actually fused to a hyjmral. 
The hy[>axial ])nrt of the lin is supported by live hypural bones, 
four of whicli are associated with the last centrum and urostyle, 
and also by one ventral eaudal radial occu]\ying thesjiace between 
the first and seeond hypural bones. The hypural of tb.e ] enul- 
timate vertebra has tlie appearance of being formed by the 
coalescence of a radial and a luemal arch. The epaxial liu-rays are 
boi ue )>y one cjan al bone belonging to the last vertebra but one, 
and also by a dorsal caudal radial lietween the (‘})ural and the 
urostyle. 'flu* spinal cord can be traced to the end of tlie ino- 
styl(‘. 'fhe final centi*uui possesses the vestige of a neural arch, 
through which the spinal coi'd passes. 

Ileie then is a generaliz(‘d ly[>e of homocercal C'audal fin, for in 
i1> iire n'prcscntat i^ es of all po.s.sible endoskeletal sujipoi ts, viz., 
bypurals, ventral caudal radial, and dor.sal caudal radial, and 
bcsidi'S, if pos^sL's.scs a wc‘ll-niarkcd ui'ostylc. 
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PL0T03US sp. ? (Siluviilio.) (Plate XLVII. fig. 7.) 

The caudal fin of Plotosus is very interesting and very siinpl(‘ ; 
it forms part of a continuous median fin and teriniiiates a gradually 
tapering tail. All the specimens examined were from Torres 
Sti-aits and were presented to me by the late Professor Bridge. 
They were all young, but the skeletal elements were quite fully 
established. Before entering into a description of the fin, it will 
be instructive to call attention to the remarks made by jUr. Tate 
Regan before the Zoological Society on April 28th, 1908, con- 
cerning the caudal fin of Cnidoglanis megastomi, also a member of 
the Plotosinse. He writes : — 

“ The Siluroid fishes of the subfamily Plotosime have been 
generally defined as having two dorsal fins, a short anterior one and 
a larger posterior fin continuous with the caudal, similar to the 
long anal. The so-called second dorsal pi'oves to be a procurrent 
portion of the caudal fin Avhich has extended forward along the 
back, and, in the species exhibited, has a base of more than two- 
thirds the total length of the fish, and is formed of about 130 
rays ; these are supported directly by the neural spines, in striking 
contrast to the externally similar anal fin, the rays of which are 
attached to a series of interha3nials.” Presumably interhauuals 
are synonymous with radials. 

On examining Plotosus^ which is a very close relative, 1 was 
})leased to find that the same characters were exhibited in both 
cases, or, I believe, practically the same, for although in Plotosits 
the rays of this “ procurrent caudal ” are not actually attached to 
the neural spines but interdigitate between them, they have no 
other endoskeletal support, as the anal rays have. 

Now, the conclusion to be dTawii from the above quotation is 
that ]\tr. Regan would define a caudal fin as that pai't of the 
median fin system which is directly supported by haemal or neural 
spines, or in the language adopted in this paper, by hypurals and 
epurals alone. It must be pointed out, howevei*, that fin-rays of 
true caudal fins are frequently supported by undoubted radials, 
in addition to liypurals and epurals, and interdigitating between 
these supports ; throughout the Gadidm this is the case, many 
Acanthopterygii show the same thing, as also does Clarias just 
considered. But I fully agree with Regan’s remark that the 
so-called second dorsal fin is part of the caudal, but for an entirely 
different I'eason. I hope to deal with the definition bf the caudal 
fin at a future time after my observations have been more extended ; 
but for the present, in connection with this discussion I base my 
agreement with Regan’s conclusion on the nature of the fin -rays 
themselves, and not on their endoskeletal supports. The dermo- 
trichia of the caudal fin differ from those of the remainder of 
median fins in the method of attachment to their internal 
sii})ports ; the caudal fin-rays of Teleosts attach themselves Iw 
means of a forking at fheir proximal ends, wdiile those of the 
dorsal and anal fins are provided with a kind of socket by which 
they are attached to the distal segment of the radial. So far as 
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1 nin jnvju*p- tins (lillerenro is iiniv(Ms:il junon^^ "rt«lcosts, ])ut, as 
staled al)ove, ;is vet .1 ilo not assert it to be without e.\ee])tion. 
'The nialter is ealled atttnitioii to, in order to make it (juite clear 
that tin*i*ays of a caudal lin maybe supported tlirectly by nn- 
donl)ted radials. 

Concerning otlier features of the caudal fin of Plotosiis^ the last 
dorsal ray is su))}>orted by an epnral which is atbtched to the 
penultimate vert«d)ra, and which shows the union of two elements, 
a radial and a, neural arch, llypaxially is a large liypural firmly 
united with the urostyle, and bearing ten dermotriehia. .In tin' 
s[»ecimen figured tlie ptmultiimite centrum possesses two ventral 
ap[)einlages, a liyjuiral suj)porting one ray, and a Inemal arch. 
Curiously enough, the next anterior ray is witlumt a suj)])ort and 
seems to anticii)ate a similar state of afiairs ventrally as dorsally : 
such, however, is not the ease, for (*ach ray preceding is a typical 
anal fin -ray supj)orted by a. true radial. 

Hence the caudal fin of Plotosns is a very highly specialized 
organ, totally different from the preceding tv[)e, Clarias. 

SvxoDoxTis sciiALL. (Siluridjc.) (Plate XLYH. fig. 8.) 

The last six vertelnw foiau the basis of support for the deeply 
cleft cautlal fin in this fish, ddie urostyle is lo.st and the last 
centrum is firmly fused to the last two broad hypurals, which 
occupy a terminal position. The liypaxial fin-iays are mainly 
sup[)orted by the.se two hypurals, but in addition there ai*e fiv(i 
others, one to each of the preceding five vertebra' ; these two 
hvpurals afford excellent evidence of the coalescence of radials 
and luemal arches in their formation. Ei>axially are four epurals, 
ou(« to each of the four vertel>ne preceding the last two ; these, 
(•pural bones, like the hyjiiirals, show the duplicate natui*e well ; 
it will be .seen that the neural ai’ch of the penultinuite vertebive 
and its corresponding radial have not fused, but a little forward 
movement and then the fusion with the lu'ural arch, on tlu' part 
of the radial, would ])roduee an exactly siim’lar structure to the 
preceding cpurals. idiis caudal fin ])rovides (me of the best 
illu.sti'al ions of the fusion of radials with arclu'S in the forma ti(^n 
of epnrals and hypurals. X(‘edless to say the iin is a highly 
specializcil homoccrcal t v})e. 

* dnicral ronarhs o)( ihp. SWurUhv. 

'fhe single family Silnri(h*c, therefore*, includ(‘s gi*cat div(‘rsity 
in the f(u-m of ihnc.audal iin stiaicture, from a V(*ry gmici'alizcd 
to a highly specialized tyi>e, 


A I' o n !•: s. 

.•\xorim.A vriaJARis. (M ura'uida'.) 

Having (d>laincl a good series of stages, I liave been abh' 
to t race I he devriopmcnl of the caudal tin \\\ A}Hjn'dh( fi’om the 
jdKiUhii stage to the adult. 
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1. Lejytocephcdns hrevlrostrifi. (l^late X 1 1. fi<r. 9.) 

It is perliaps somewluit uiifortniinte that in tin* Lf'ptocpphuhi^i 
all essential skeletal sti'iietiircs aiv already present; in fact, tliere 
is veiy little ditference between it and the elver Four inclns in 
length. There is very dearly shown a eonijiaintively long nio- 
stvle slightly directed upwards ; tliis ui-ostyle is not fused with 
the hypural bone innnediately ventral to it. In inv speidinen 
this hypural, the distal end of which extends beyond the urostyle, 
was already a single cartilage, though in older specimens, a \\^vv 
distinct cleft was fiequently to be seen. Three of the four fiii- 
i-ays attached to this hypural were bilid distally, though J believe 
the number of distally bifurcated rays is a matter of accident. 
The penultimate vertebra carries the characteristic U-slm])ed 
hypural of the Apodes, representing two joieces fused ])roximallv. 
The antepenultimate vertebra, is a double structuiv, and cai-ries 
two ha?mal jmocesses, the posterior of which bears a fin-rav and 
shows a definite trace of being formed by the union of a radial 
and a hiemal arch ; this has already been drawn attention to bv 
llyder. The double vertebra mentioned is not, as Ryder seems 
to suggest, a constant feature, but certainly is very common. 
Dorsally, no epura.1 bones are present; every ray is suj)ported by 
a radial. In the only figure of the caudal fin of a young eel I am 
a\vai-e of, namely that of Ryder’s, the neural arches are not trulv 
repi'esented ; in reality they ai*e rectangular plates, equal iii 
length to the vertebra> to which they are attached ; even the last 
retains its rectangular shape, covering up urostyle and overla])]>ing 
the last hypural to some extent. The spinal cord can be traced 
even among the fin-i ays beyond the distal end of the last hypural ; 
this fact is evidence of consideiuble abbreviation. 

2. Tlie Elver, (4^ ins. or about 12 cm. long.) (Plate XLYIII. 
fig. 10.) 

This stage is next taken as being the last in which tlie urostyle 
can be traced ; the last hypural has already encroached uiion it 
ilorsally, while in specimens five inches long it has vanished, and 
the last hypural and the last vertebral segment have become a 
single piece. Xeural spines have appeared on all the neural ai-ches 
except the last two, and a thickening indicative of a spine is seen 
there also. The spinal cord does not extend among the lin-i-aysas 
in the Leptocephalns. All other features are much the same 
as in Lepiocephaliis stage, though naturally more pronounced. 

3. Common Eel — adulL (Plate XLYIII. fig. 11.) 

After the preceding stage, and sometimes earlier, the last two 
neui'al arches often fuse into one. Rut the main feature fo be 
noted in the adult is the conqdete absorption of the last vertebral 
segment, including centrum and urostyle, by the last hypural ; all 
efforts to reveal the urostyle by clearing agemts ha\e failed ; the 
union is com])lete. hence, what appeals in the adult to be hypural 
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only is in reality liypiirnl pins tli(‘ last vortol)ral segment. 'J'lie disl:il 
arms of the U-sha))e<l liy[iural of tlie peiinltimate vertehru often 
tend to fn.se and so prodnee an elliptical bone. Th(‘re is consider- 
able variation in the number of lin-rays sup])orted by the vai-ion.'-- 
terminal elements; the terminal dorsal and ventral radial may 
or may not support a ray. Jt i.s usual for the last two bypurals 
to support four rays each, but this too is liabb‘ to variation. Ju 
young animals it is (piite accidental whether lin-rays bifurcate or 
not distally, and it is not safe to conclude, with llyder, that 
bifurcated (lermotricbia are caudal jiroper and others doisal or 
ventral respectively. 

CoXGEii vuLG.VRis. (Muramido).) (Plate XLYIIT. fig. 12.) 

In mo.st res])octs the caudal fin of the Conger is similar to that 
oi A luju ilia. Only by the aiil of clearing agents can the c.xtict 
outline of the various elements be traced ; when thus treated, it 
is seen that the vertebral column propei* emls in a long cone-like 
vertebra, directed po.steriorly in a straight line with the vertebral 
axis, i.e, there* is mj tendency to upturning, and a urostylc cannot 
be said to exi.st. But all this is invisible without the aid of 
clearing agents, and the last centinm a])i:ears to be merely the 
proximal end of the thive hypnrals, which in reality are firmly 
fused with the last centrum, llowevei*, any difiicnlty concerning 
the ending of the vei’tebral axis is removed by a referimco to tin*, 
young stages : a young conger of inches (l)*5 cm.) length or 
less will show a condition of things veiy like those in An<jnilla^ 
viz., a urostylar pi'ocess ii])wardly directed, and occipying a 
position along the proximal dorsal edge of the last hypural ; in a 
s[)ccimen Ah inches (or 1 P5 cm.) long, this could not be seen in 
the mere dissection. 

Those derinotrichia which may safely he called caud.al are 
sup[)orted by four hypural bones : the first of these is attaclual to 
the jK^nultimate vertebra, instead of the antepenultimate, as in 
An(j(iilla, and the remaining three arc all fu.^e«l to the last 
vertebral segment. In this res] >ect, the Conger difiers from the 
Comna^n I0('l in which only one belongs to the last centrum, and 
the next two (foi niing the letter C) to tlu* penultimate vertebra : 
this may re])rcscnt a further shortening of the vcrtc'bral axis in 
C(m(jn\ A woi-d should be saitl h(*re. calling attention to the 
excellent illu.stration afibrdc<l by these liyj)m-als. ])articnlaily the 
first and second, of their <h)iible nature: a lim* of fusion can l)c 
traced acros.s the liy]>ural divi<ling Die latter into two ])ai ts, the 
proximal of which is almost exactly similar tc» t he prcce<ling Iwcmal 
arclms, ami the distal part is like a radial. 

Then^ aie nocjjuial bom s, 'rhe ni'Ui-al arches closely r<’scmble 
those of .( (HjaUhiy but- are more simph*, 1 he ant ei-ioi- ones p(.ss(‘ssing 
a v<“iy f(‘ebli* spine*: the last, which is specially long, to ])]()t(*ct 
ila; <*ud of the sjdnal cord, ]>ossesses a jieculi.Mr b<uiiy ])r(UM*ss 
running in an antcri<^- ventral ilirect ion across the last cent lum ; 
tliis is I'n'ohably a ]M'occss for the attachment of camlal muscles. 
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]\IUII.EXA IIELEXA. (M 1110311 idiO.) 

Theciuidiil fin of the lloniaii Eel is essentially similar to that of 
the Conger, and attention need 011 I 3 " be drawn to thi* peculiaritio.s 
presented. The hy])iiral bones are attached to the last centrum. 
The spur-like process of the last neural arch, mentioned in Cowjor^ 
is more pronounced and fuses with a jiosteriorly directed process 
of the first hypiiral bone. The posterior neur.al arches are very 
simple, having no spine, .and the closely' aggregated radials of the 
dorsal fin are in close contact with them. The haimal arclies very 
closely resemble the neural arches : the penultimate vertebra does 
not bear a hypural bone. 

IMyrus vulgaris, (Miira 3 nida\) (Plate XLYIII. fig. 13.) 

The caudal of this fish is again similar to the preceding types. 
Only one hypural is attached to the last centiaun, which is (piito 
indistinguishable, appearing only as the proximal end of the 
hypural bone : only one hypural may be said to be attached to 
the penultimate vertebra, though it is clear that this has been 
formed by the coalescence of the distal ends of the aians of the 
U-shaped structure in other genera. The hajinal arches of the 
posterior vertebi‘<-e ai’e of a hoi'seshoe shape ; this ma}^ account 
for the U-shaped hypural of the penultimate vertebra, which is so 
general in the family. 

General remark's on the Ajwdes. 

There is a striking uniformity in the structure of the caudal 
fin in this sub-order, due possibly to similar habits. In spite of 
obsers^ations, as early as Huxley’s in 1859, to the contrary, writers 
repeatedly refer to the Eels as possessing diph 3 "cercal or imotocercal 
tails. It cannot be too greatly insi.sted on, that whenever an 
upturned urostyle is present, either in the .adult or the Larva, a 
tail is not protocercal or diph 3 "cercal. Externally, of course, the 
Eels, Avith their undiflerentiated median fin system, do present a 
primitive protocercal condition, but dissection proves the terminal 
endoskeletal supports to be A^eiy unsymmetrical ; the bi’oa.d 
h 3 ’pural bones have no corresponding dorsal homologues. Tlie 
caudal fin of the Apodes complies in all its essentials with 
the defi}ntion of homocerc 3 ", which Avill be diseussed later ; it 
cannot be called anything but an advanced foian of homocercal 
caudal. 

While dealing Avith the Apedes, it is intei’esting to note the 
references to the ancestral forms. The fossil Urenchelifs from the 
Chalk beds has a homocercal tail — presumablvan externalh' recog- 
nizable homocercal tail — and probably, therefore, much less 
specialized a form than the advanced form the modern Aj)ode.s 
have been shoAvn to posse.ss. Thus all that has happened is a 
ste.ad 3 ’' process of specialization, exaetl 3 ' as is to be expected. 
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(Ialaxias .sp. ((5;\l{ixii(bi‘.) 

Only w .singli' s|HH‘iiiion wns ji v:iil;il>l(- for oxniiiination ; tliis 
revoaloil a froo iH-o.styU% l>Hynu(l wliicli the noto(*liord coiiliinKMl 
for soioo (listaiirP, luit did iKjt rendi tlu‘ doniiotricliia. Seven 
hv|mr:ds are present, live of which are attaclied to tin* last 
vertebral segment ; the last three are closely a})plied to each other 
and so form a large plate. 1 )orsally the dermotrichia are supported 
hy two e])ural bones ami a tlorsal caudal radial, the latter being 
(*ai-tilaginous. Both tlie epurals and hypurals of the penultimate 
and antepenultimate vertebra^ are very broadly ex])anded, and 
show tra(‘es of the inclusion of radials in theii* formation. Th<‘ 
last vertebra })ossesses a small neural ai-ch and the spinal cord can 
be traced to the end of the notochord. Such a caudal fin must 
be considered a lowly specialized form of homocercy. 

Xo o-eneralizations can be mach* on tlie Ilaplomi until more 
species have b(*en examined. 


11 n T i : a o iM i. 

FiEaASi‘'Ka ACTS. (Fierasfcri(he.) 

In this fish the median fins :tre continuous. At the extrcmie 
end of th(‘ tail no liinrays are iiresent in the fin-fold, so that there 
is a gap between the fin -rays of the dorsal and ventral (ins. 'I'he 
vertebral colnnin ends in a perfectly straight lime and. tow.ards 
the end, consists of alternate .segments of centra and notochord, 
the final clement being notochord which comes in contact with 
the integument. The fin is theriTore perfectly symmetrical 
externally and internally :md moreover .shotvs obvious signs of 
d(‘geneiation. Byder concludes that the whole of the true c.and.al 
ba.s been lost, and hence the tail is tr>ily geplivroctaval. It is 
interesting to note that tlu' developmental stages do not rev(‘!il 
any hcterocercal tendencies. 

Fieiiasfi:r nuxTATrs. {Hchiodon (hniatus.) (Plate XLVI 1 1. 
fig. 14.) 

The figure of the tail of this s]>ecies given by .Bmci'V is most 
intere.sting as presenting;! ty)uc;il gephyiocmcnl fail. Tlu' larv;i 
is provided with ;i long Td.-imentous taihi'nding, which is eventu- 
;dlv lost in some way, and the .’idiilt tail givi‘s the ;i])p(‘;ir;ince of 
laiving laid the end bitten off; the vert(‘br;d column ends in ;i 
V(*rtebr.M exactly similar to the preceding oiU‘s ; the doisal and 
V(‘ntr;il fin-r.ays attcunpt to bridge ovia* the g;ip c.mhscmI by the lo.ss 
of the camhil extremity, but n(*ver actu:illy imM‘t. The fin-rays 
of the dors;d .and an;d fins ai’c snp[>ort('d hy very sm.all cartilages 
which r(‘pre.sent. radi.als, ;ind which .are f.ar rcaiioved from the .axis^ 
1 h;ivo not. yet had an opjiortnnity (4‘ examining 1 his cand.al lin, 
and so I reserve' any I'caiairks on this remarkahh' foi ni. 
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Ueneral remarks on the Ueieromi. 

All fishes belonging to this sub-ordoi*, whether fossil or livings 
appear to be either eel-like or deep-sea forms ; from this it is to be 
expected that the tail-fin when present is similar throughout, 
/. e. gephyrocercal. 


Ca t 0 s t e o m I. 

(Iasterosteus aculeatus. (Hemibranchii.) 

The caudal fin of this fish* was well descril)ed b}^ Huxley in 
1859. The vertebral column ends in a long uro.style which is 
fused along the dorsal edge of the last hypural bone. There is a 
small neural arch to the last centrum, which Huxley figures as 
being continuous with it, though there is a line of junction 
separating arch and urostyle. The penultimate vertebra possesses 
an epural and bypurals ; between the epural and the urostyle is 
a dorsal caudal radial (the “ epural of Huxley). 

Centriscus scolopax. (Hemibranchii.) 

The urostyle here is suppressed and the “ cone ” of the last 
vertebi’a shows only the slightest suggestion of upturning. Two 
bypurals are attached and equally well fused to the last centi-um. 
An epural ainl hypural are attached to the last vertebra but one, 
and both show well that they are composed of a neural and a lifemal 
arch respectivehq together with a radial. A single dorsal caudal 
radial is situated between the epural and the last hypural. 

Thus the caudal fin of Centriscus is highly specialized in 
contrast with the nearly related form Gasterosteus. 

Syxgxatiius acus. (Lophobrancliii.) (Plate XLYIII. fig. 15.) 

The caudal fin of the Pipe-fish presents a perfectly symmetrical 
appearance, but morphologically it is quite uns}^! metrical since all 
the eight dermotrichia are supported l:>y hypaxial elements con- 
sisting of two expanded h 3 qmral bones. Although tlie ^^oiing 
stages show a distinct urostyle, this structure is absent in the 
adult. Tliere are no complications of an\" kind and the whole 
caudal structure is exceeclinglv simple. The spinal cord can be 
traced to the distal end of the hvpural bone. On account of the 
presence of a urostyle in the larva and the hypaxial nature of the 
fin, the tail must be classed as homoceiva.l ; moreover, it is a 
highl}' specialized form of homocerc^L 

SiPHOXOSTOMUS roxdeletii. (Lophobranchii .) 

Precisel}^ the same structure is found in this species as in the 
pi’cceding type, hence it is unnecessaiy to I’epent the description. 
The similarity is no doubt associated with the similarity in habits 
of the two fishes. 

Proc. Zool. Soc. — 1910, Xo. XL, 
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NEHoriiis ovmmox. 

'riiis li.sh hns lost its tail- tin j)rol>ahly on nm>uiit of tln' 
pn‘liensili‘ function of tlio tail, but other species of Xt^rophls, e. 

(('fjHoi'Pus, do possess a very small one, which resembles that of 
S)/iifjtmlhns in miniature. 

n UTocAMTUS nuEViHOSTUis. (Lo[)hobranchi i. ) 

d’lie S(*a-hoi’so has no caudal lin in tlio adult, but the larva 
posse.sses a- nrostylc and hypurals, which degenenitc, probably 
owin^^ to the ]>roliensile habits. 

Ge'neral remarhs on the Caiosteomi. 

Of the three families of the Catosteomi (Gasterosteiday Cen- 
1 riscid;e, and Syngnathida)) types of which have been examined, 
the (da.sterosteidie certaiidy are the least specialized, and the 
Svni;nathi(he the most so, while th(‘ Centriscid:e occupy an inter- 
mediate position, as regards the structure of the caudal fin. This 
order corresponds exactly with the general classification based on 
specialized features as a whole: this boars out what is often sc(mi 
1 ‘lsewhere, that the caudal fin may be u.seful in classifying fi.sli(‘s 
among smaller divisions, though it may not be d(‘pended upon as 
a broad taxonomic filature. 

r E II (• E S O C E s. 

Helom: acts. (Seouibresocida*,) 

Only the smallest trace of a nrostylc can be seen in the adult. 
There are six hypural bones in all, four of which corresiumd to 
the last vertebral segment; the most anterior of tlu‘st‘ four 
]>osse.sses a prmninent bony process to which muscles ai-e attached. 
'rh(‘ neural arch to the last vertebia is very large and prot(‘(d.s 
tlie spinal cord which can be trace<l to the distal end of it. The 
ejjaxial fiu-su})ports are liable to .some variation : there ai’o some- 
times two, and at other times thre(‘ (lorsal caudal radials; when 
t wo are present, it is on axtcount of the third (the most ant(‘rior) 
having fused to the neural arch of th(^ antcpcmultimate vertebra 
and so constituting an ejmral bone: this point in itself is evidence 
as f,o tlu‘ way in which epurals may be formed. 

d'he valuation (‘xhihited here is pr(d)ably what Stannius 
referred to, in 1854, when ho (piotc'd Beloue as demonstrating the 
fact that the fin-ray suppoids may be of a double nature, /. c. 
arcdies ])lus radials. Belone, therefore, i.s interesting as Ix'ing the 
fish in which this feature, so frequently met with elsewhere, was 
(lest seen. 

ddie peuultimati' vertebra neveu’ appears to pos.sess an e[)ural, 
as the radial and mnir.al arcdi art* always sepai-ate. 

(.)u the \\ hole the caudal fin of Belunp at tains ttta fair standard 
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of s[)ociMliz:itioii, ])articnl:u*ly ns ro^^u-tls tJie su[))irc*ssioii oF tlu< 
urostyle ; but jit the same time the umnbei-oF hypurals, viz. Four, 
associated witli the last vertebra is iiulieative oF a eoniparatively 
low type oF specialization. Tiio proximn.l ends of the liii-iays 
embrace their endoskelebal supports so as to almost exclude tliein 
From view. 


Ammooytes toutaxus. (Ammodytuhe.) (Plate XLiX. fig. Kb) 

The last vertebra and last h^^pural are coLupletely fu.sed and 
thus there is no Free ui-ostyle. The hypaxial supports consist of 
live hypurals, four of which are attaciied to tlie last vertebra. 
The dorsal elements are somewhat com])licated : l}'iiig between 
the single dorsal eaiidal radial and the last vertebi-a and hypiiral 
are four separate bones, through three of which the spinal cord 
pa.sses ; these three possibly rei>resent neural arches, while the 
fourth may be a dislodged arch, oi’ a si)ine detached from its 
arch. It is interesting to notice that fusion of these four bones 
into a single piece would form a large neural arch exactly as iu 
Bdoue. 


Atuerina bayerii. (Atheriuida?.) 

A small but free urostyle is found here ; connected with it and 
tlie last centi-nm are five of the seven hypuial bones support ing 
the hypaxial derinotrichia, A small cartilage, situated between 
the distal ends of the first two hypurals, shares in the su])port of 
the anterior rays of the ventral lof)e ; this may possildy represent 
a, radial, but it is doubtful. Dorsally the fin-rays are supjioi’ted 
by two dorsal caudal radials and one e|)ural bone, the latkr 
a.btached to the antepenultimate vertebra. The neural areli of the 
last verteljra is very large and is composed of three bones ; it 
aifords pi'otection for the eml of the spinal cord. Thus AUteruia 
[>o.ssesses a fairl}^ generalized caudal fin, lacking only a. ventral 
c ludal radial, tliough even this may possibly be represented by 
the small cartilage mentioned. 

The development of the caudal fin in this fish is interesting as 
being almost identical, in the earlier stages, with that of the 
Flounder as figured by Agassiz, and shows very clearly tlie dee]) 
incision between the oi'iginal and the permanent eaudals. 

i\[uciL CAPiTO. (jMugilidm.) 

The urostyle is lost in tlie tis.sue of the last hypural bone ; 
thi-ee hypurals in all are atta.clieil to the last vertebral segment ; 
three dorsal caudal radials are present, the last of which is applied 
to the doi'sal side of the last iiypnrah The neui’al arch to the 
penultimate vertebra is very much i‘educe<l. The anterior fringe 
oF the ventral lobe of the cainlal is sup})ortod by small ('artilages ; 
what these lepresent it is difficult to determine. T'he tin there- 
fore may be classed a.s an advanced type of lionioccicy. 


r»OS Mil. H. II. WlilTEHOUSK ON THE 

(ienend reikuirks on thu Percesoces. 

'This suh-ortler ])ivseiilR (*onsi(lrral)lo diversity in eaudnl fin 
strnctme ; Atherina^ witli its free iiro.style and numerous bypurals 
attnclied to it, posse.sses a comparatively lowly specialized caudal, 
while tliat of Mugil is quite a specialized form. Arranged in 
ascending order of hoinncercy, the four genera will appear thus : 
Atheriua, Ammodyies^ Jkdone, which arrangement does not 

correspond with that of general classification. 

A X A c A X T H I X I. 

Macvnriihc. — The fishes in this family pos.ses.s no caudal fin ; 
they are deep-sea forms and the body ends in a finely tapering 
tail*. 

Moeva vuLGAius. (Gadidie.) (Plate XLIX. fig. 17.) 

ddie Ling possesses a simple type of Gadoid tail. Xo less than 
thirteen vertebrae contribute towards the support of the caudal fin ; 
all of these vertebrae are jirovided with hypural bones {hy.) and 
all, excej>t the last two, with epin*al bones too; special attention, 
therefore, need be directetl only to ])arts connected with these 
last two yertebra\ The final vertebra possesses no urostyle, 
and is firmly fused 'with the broad last hypural which oecu])ies 
a terminal position and bears five dermoti ichia. That part of 
the last hypural which encroaches upon the doi’sal side of the 
last centrum is seen in other Gadithe, e. g. G. winuius, to be a 
secondary extension of this l)one, only appearing late in develop- 
ment ; in young stages the hypural is totally ventral to the 
centrum. The hypural bone of the penultimate veidebra is also 
broadly expanded and bears three fin-rays. Between this hypunil 
and the next anterior one is a ventral caudal radial (r.e.r.), in no 
wav fused with any other skeletal element. I\Iost of the hypural 
bones show’ signs of being formed by the coalescence of haunal 
ai’ch and radial, the line of fu.sion being specially i)rominent after 
clearing agents have been used ; the shading in the figure is 
intended to show this. 

Epaxially, it is interesting to note the great re<luction of the 
neural airli of the penultimate vertebra ; tliat of the anteiienul- 
timat(^ contributes to the formation of an ejmral bone. Lctween 
this last e])ural and the dorsal side of the last hyjmral are two 
dor.sal caudal radials, each bearing a fin -ray ; these radials never 
fu.se with the neural arch, but always remain ])<‘rfectly free. Tt 
will thus be seen that the caudal fin of Moira is not symmetrical 
intenially and that the hypaxial fin-rays outnumber the epaxial ; 
it is in ev(U’V way consi.stent w'ith homocenw, 4i.nd its terminal 
.skelet.on with a very highly specialized ty]K‘ of homocercy. 

GADicrnrs AiinEXTATT’s. (Gadidjc.) (Fdate XJAX. fig. 18.) 

This small Gadoid possesses a mori^ generalized caudal fin than 
d«v(‘s the prece«ling typ<s this is due sokdy to the presence of a 
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large imniber of radiuls in addition to the epuiul and hy|mral 
bones. Except for the fact that eleven vertebra* form tlie l)asis 
of support for the fin instead of thirteen as in Molva^ all remarks 
made in reference to tlie latter genus apply equally to GadlcuUts. 
The whole interest in this tail-tin lies in the radials ; in addition 
to the epnrals no less than six are present epaxially, and ventrally 
three are to be seen alternating with hypurals. ^loreover, these 
radials may be either quite free, like ordinary radials, or they 
may be more or less fused with the neighbouring hypurals or 
epurals. This affords one of the strongest (*ases for the tlieory 
that hypural bones ai’e formed by the coalescence of radials with 
Inemal arches. In the other median fins two radials are present 
between successive vertebral ai'ches: thus probably the hypurals 
and epurals of the caudal have already absorbed one radial and 
the tendency is to efiect a fusion of the second also. Tliere can 
be no doubt about these indials being true nidials and not a. 
second neural or haemal arch, since they nevei* I'each the centrum 
itself and never embrace the spinal cord or hfemal vessels at theii’ 
proximal ends, as they would do if they wei*e arches. The spinal 
cord can be seen to extend to the distal end of the last hypural 
bone. This caudal also is therefore a homocercal form. 


(Jenercd remarks on the Gadidte, 

There seems to be a ceitain amount of misconception among 
writers concerning the caudal fin of the Gadidie ; one or two 
quotations will make this clear. J. T. Cunningham, in ‘ Science 
Progj-ess,’ 1897, says: — The structure and development of the 
tail described above (hetei-ocercy) occur in the flat fish, but are 
entirely wanting in the Gadida?. In the latter the tail is per- 
manently diphycercal and is compose<l of dorsal and ventiul rays 
which ai-e equal in number and size, and, in fact, closely resembles 
the tail of the extinct GVelacanthidje. There can be little doubt 
that even if the Gadidje cannot be directly derived from the latter 
family, they are descended fi-om Crossopterygian Ganoids with 
diphycercal tails and have never passed through a lieterocercal 
condition.” And Boulenger, in the Ann. ^ Mag. Xat. Hist. x. 
1902, writes : — ‘‘1 have reason to believe that Gadoids must have 
been derived from such a group as tlie Berycidie, through forms 
of which the Macruridm with thoi’acic ventral fins composed of 
seven to twelve rays are the nearest known examples, and in 
which the caudal fin has entirely vanished. 1 regard the is(^cercal 
condition of the Gadida? as the result of the foi'ination of a new 
caudal fin, the homocercal extremity of the vertel)ral column 
having been lost by the direct ancestoi's of these fishes.” The 
same writer in comparing the caudal fin in the Pleuronect ida? 
with that of the Gadid<a? says : (in the Pleuronecti(he) the tail, 
whenevera caudal fin is well developed, belongs to the homocercal 
type (lieterocercal in the embryo) with comparati\’cly few r.ays 
(20 or less),” — thus diflering from the Gadoids. 
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Other r(‘fe!*em*e.^ iiii^^ht :tlso ho (jiiotod, hnt th(.se will he 
sulHeient to show w’hnt niiseoiico|)tioiiK jmo held. J)enlin^^ with 
Cmiiiin^di.'uii’s rc'niarlvs iirst, ;i iidVri^nee to eithcM' of the two 
liirures given will show' nt a glanei^ that the tail is nut “ perman- 
ently diphyceiral ’’ and is not eompused of dorsal and ventral 
rays e(]\ial in nmnher.” In all, eight ditlbrent species have heen 
very carefully exninine<l, and any of the following remarks a])ply 
(Hjiially to all ; there are always more hyj^axial tin~rays than 
ej)axial ; this is <lne to the fact that a broadly expanded hypural 
hone is attached to the last centrum. Thus the tiiil is a highly 
s])ccialized honiocercal form. 

This author has apj^arently never been fortunate enough to 
secure young forms of Oadida^ for detailed examination of the 
(•audal tin structure or he would never have said tliat during the 
devel()})uient the heterocercal stage is ‘^entirely w'anting.” 

Gadus vninUus of one inch length shows an u])wardly directed 
urostyle along the dor, sal edge of the last hypural as clearly as in 
the tlat-lish ; this becomes much reduced in the adult and is 
in fact almost completely lost ; and .since the extremity of the 
vertehi-al axis is almost preci.sely the same in all adult (ladida*. 
it is (piite rea.sonahle to siip])Ose that the young forms in evei-y 
case aic similar to G. minnius. Cunningham's error in this 
connection 1 (m 1 him to su])pose that the Gadida* ‘Care descemh’d 
from Crossopterygian Ganoids with dijihycercal tails and have 
iH'vcr pass('d tliroiigh a heterocercal condition.” The latter 
statement, liowever, falls through. 

Assuming (Jnmhngham to be correct as regards the diphycercal 
condition, llonlenger comes to the conclusion that the Gndida* aiv 
descended from a homocercal form, sucli as the Berycidic, hut 
t hat homoccrcy was entirel}" lo.st, and the i^ocercal (/. e. the 
di])liycerca.l) condition .... is the result of the formation of a 
new caudal lin.” But development proceeds just as in any Inghly 
s})ccialize<l homocercal form, and hence the caudal tin of the 
Gadidjc cannot be considin ed a new tiling. 

ddie caudal fin of this family further conforms to advanced 
honiocercy in the great reduction of the neural arch of the 
]H*nultiinate vm-tehra ; in all jirevions figures of the Gadoid tail, 
the last vertebra hnt one is shown hearing an e])ural bone ; hut 
ill all the Gadida* examined, this has jirovtal not to be Iho case; 
innnediat(‘]y dorsal to the jieniiltiinate vertebra there ai(^ always 
two ilorsal i*a.mlal I'adials ];t‘ifcctly frc(‘ and never fuscal with any 
father ]>ai t of tin? neighbouring skeleton, ilyjiaxially, the same 
\erte])i'a always lu>ars a liypnral hone. 

ddins the eandal tin of the Gadidie is undeniably a specialized 
form of honiocercy. 

A r A X T II o I’ T !■: u v a i r. 

A ])rcliminary note will la* necessary hi^ftu’e cnteiang into 
details of th(‘ types chosen in this suh-ordcr. In many forms 
in whicli a free mostyU* is jUTsont-, there is a lin-ray sujpoit 
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\vl\icli ojcupios a j)ositiou exactly in line with tlu* nrostvlo : 
a (liliiciilty comes about, tlierefore, in tletierminin<^ whcthei* this 
eUmient is liypixial or cpaxial. fn slinpe it closely resembles th(i 
dorsal caudal radials, but the spinal cord i nns alon^^ its dorsal 
eil^^e ; it may therefore be considered a dorsal caudal radial which 
lias moved ventral to the spinal cord ; but its present position 
below the spinal cord makes it ]iossible also that it is a hy[un*al 
bone, or perhajis a ventral caudal radial. For the i»resent, 
however, I have decided to call it a hypnral in order to simplify 
description, but the reader may consign it to any of the three 
suggested classes he may consider desirable. 

Serraxus cabrilla. (Perciformes, Serranidje.) (Plate X LI X. 

fig. 19.) 

The vertebral column ends in a well-developed and free 
nrostyle (z^r.), which is about the length of an ordinary vertebra.. 
Six hypura.l bones {hij.) of varying size are associated with tln^ 
last vertebral segment ; the most anterior of these po.ssesses a 
long spur-like process, running parallel with the nrostyle, and 
undoubtedly functioning as an attachment for muscles; the last 
hypnral is in direct line with the axis of tlie nrostyle. Between 
the distal ends of the hypurals of the second and third last 
vertebrae is a small cartilage (c\) which shares the snp]>oit of the 
smaller anterior ventral caudal fin-rays. Dorsal to the nrostyle 
and extending beyond it, is a slender splint-like bone (??.n.') 
protecting the delicate end of the spinal cord ; this probably 
represents one or more neural arches of vertebra^ now absorbed 
into the nrostyle. Independent of this bone, the la.st vertebra 
(Z.r.) possesses a neural arch of its own ; the neural arch of the 
])enultimate vertebra (/>.r.) is much reduced, and the ante- 
])ennltimate vertebra is ])rovided with an c])ural bone [ep.). 
Three dorsal caudal radials [d.c.r.) support the majority of the 
cpaxial fin-rays. 

This caudal fin, therefore, is a fairly typical form of a com- 
paratively lowly specialized homocercal type. 

OEroLA RUBESCEXS. (Perciformes, Oepolidce.) 

This fish possesses a long tapering form of tail. The nrostyle 
is prominent though slender ; four hypural bones are attached to 
the last vertebral segment, the last overlap])ing the nrostyle 
slightly. All the dermotricliia of the caudal fin are hypaxial, 
though epaxiall^" there is a bone, not actually supporting a ray, 
which might be called a radial. Externally the median fin system 
appears to be a continuous one, but closely examined, thcae is to 
be found a very distinct and separate caudal. All the skeletal 
structures in the terminal end of the tail are very delicate and 
loose, the neural and hiemal arches not being actually fu.se<l with 
the elongated centra. The tail-fin is, however, definitely homo 
cereal. 
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(Jaxthakus VELUAKis. ( Percifonues, Spnridie.) 

The urostyle is well iiRirkecl and free, and fonr hypurals are 
attached to the Inst vertebi-nl segment ; in all there are six 
hv})nrals, the second and third last vertebije each bearing one. 
Epaxially, there are three doi'.sal caudal radials, and one epnral 
which is attached to the antepemdtiiiiate vertebra. The neural 
arch of the penultimate vertebra is reduced, lietween the last 
dorsal radial and the last hypnral is a .splint-like bone, the 
proximal end of which rests on the dorsal end of the urostyle ; it 
protects the ending of the spinal cord and is probably a neural 
arch. The fin, therefore, is homocereal. 

Box SALPA. (Perciformes, Sparida*.) (Plate XLIX. fig. 20.) 

The urostyle is well marlced and distinct. Corresponding witli 
the last vertebral segment are three hypurals, two of which are 
large, and the most anterior is provided with a ridge for the 
attachment of muscles; there are five liypural bones in all; 
between tlie distal ends of Ihe first two is a small cartilage 
beai'ing a few of the small anterior hypaxial rays ; a very small 
similar one is present on the anterior side of the first hypural. 
Epaxialiy, there are three dorsal caudal radials (t/.e.r.), while the 
ante])enultimate vertebra bears an epnral bone; this epural is 
particularly interesting from the fact that in an animal 4 cm. 
long (fig. 20) it is seen to be two distinct and separate pieces— 
a neural arcli, exactly similar to that of the penultimate vertebra, 
and a long cartilaginous radial, the proximal end of which is 
slightly applied to the posterior edge of the neural S])ine. In the 
adult, these two elements completely fu.se to form an epural. 
A neural arch is present on the last centrum. 

The caudal fin of Box is therefoi'c homocmvnl, and .slightly 
more s])ecialized than that of Cantjiarus, on account of the fewer 
hypinals to the last vei tebrnl segment. 

Smaris ajx’EJDO. (Perciformes, IMamida',) 

A fairly long and free urostyle is pre.sent, on the ventral sidi‘ 
of whieli, together with tlu‘ last centrum, are foiir fin-ray supports, 
three oidy of which are undoul)ted hypural hones; the la.st is 
.somewhat douhtful. Both the ]jenultimate nud autepeiudtimate 
vertehric bear hypurals, between the distal ends of which is a 
large cartilage bearing small tin-rays. 8e]!arated from this car- 
tilage Oidy by the di.stal end of tlu‘ tii-st bypuial are two small 
cartilages, both of wliich sn])]>ort the very small anterior O] axial 
lin-ravs; a similar cartilage dor.sally perform.s tin* sjime function. 
'rhi*ee definite dor.sal eandal radials are ])rescnt and one epnral 
l)one : neural areh(*s are borne bv eacli of t he last two vertebra*. 
A splint-like bone is closely fitted between the distal ends of tin* 
urostyle and t lie luairal jii’ch of the last centrum ; probably it is 
a m*ural areli it.self, helongiiig to some vertebra now ahsorhtMl 
into lh(^ urostyle. Cai'tilagiimus ejiiphyses are present on most 
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of the lin-niy supports, and here and tliere are additional <listal 
cartilages applied to these epijjhyses; they may represent the 
persistent distal segments of radials. 

This caudal fin is a good intermediate form between the lowly 
and the highly specialized homocercal types. 

Labrus festivus. (Perci formes, Labridfe.) (Plate XLiX 

fig. 21.) 

Xo urostyle can be seen in this form, it having completely 
fused with the last hypural bone ; thus the last hypural, urostyle, 
and last centrum {l.v.) become a single bone. The last centrum 
bears one other h}^pural similar in size to the last ; the preceding 
centrum also bears a hypural bone. Between the h^^pural of the 
penultimate vertebra and the first of the last centrum is a large 
bone (v.c.r.), which on account of its not having actually fused 
with the centrum, is probably better referred to as a ventral caudal 
radial. Three bony dorsal caudal radials {d.c.r,) are situated 
between the neural arch of the antepenultimate vertebra and the 
last hypural bone. In an exactly corresponding position dorsally 
and ventrally {i. e. on either side of the distal end of the neural 
spine and Inemal spine of the antepenultimate vertebra) are 
two cartilages (c.) the posterior of which may in some species, 
e. g. Lahrus turdus^ become quite radial-like. The extremity 
of the spinal cord is protected along the dorsal side of the last 
hypural by a secondary bony development (s.). 

Though the structure of this caudal fin approaches closely to 
secondary symmetry as regards general form, it is really "not 
symmetrical owing to the fact that by far the majority of 
dermotri cilia are hypaxial. By the loss of the urostyle and" the 
reduction of the number of hypurals to the last vertebral segment 
to two, this caudal fin is a considerable advance in homocercy on 
the preceding type. 

Scomber scomber. (Scorn br if ormes, Scombrida\) (Plate XLIX. 
fig. 22 ) 

The tail of the Mackerel is somewhat difficult to interpret at 
first sight as regards the ending of the vertebral axis ; it appears 
as though a well-marked urostyle were present extending to the 
length of the broad hypural bones. Examined more closely, 
doubts will arise as to its true urostylar nature for one or two 
reasons: — (1) its end is cartilaginous and it bears dermotrichia ; 
(2) its distal end is cut square, a feature no urostyle elsewhere 
possesses ; (3) the end of the spinal cord enters slightly into the 
tissue of the proximal end of the bone. Another feature woiTh 
notice is that clearing agents do not reveal any indications of a 
normal urostyle fused with any other bone, and moreover, the 
conical last centrum does not turn upwards as a hook or reduced 
urostyle as so many other forms show, but ends in a. direct 
straight line. The tail of Trachiaus is the only other one 
examined which closely resembles , Scomber in the terminatioii of 
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tlio axis, and show, in tliis tvpo, mii oldi^jne line 

of fusion in tlie |)mxini;il c'nd of fids reetaniiiilar l)one; tins 
sngij^(‘st.s tliat the distal end is liy])nral, and the ])roxiina.l, at h‘a.st 
partly, is nrostyle lirinly fused with the hypnral. It may bi‘ so 
ill Scomher too, but tlie fact that the s])inal cord enters the 
proximal end sng.irests that a neural areh is also involved. And 
this seems to be the inter})retation, for it eannot be nrostyle 
alone, since it is cut square, tijiped with cartilage and bears 
dermotrichia just as an ordinary hypnral does. It seems safe, 
therefore, to say that tlie nrostyle is greatly re«lneed and firsed 
entirely with the last hypnral — in this case a small one. In all, 
then, four liyimrals are associated with the last vertebral segment; 
the most anterior being provided with a ridge for tlie attachment 
of muscles. Two dorsal caudal radials are jn’esent. The penulti- 
mate vertebra possesses a reduced neural arch and a well-develojied 
hyimral, wliile the antejienultimate vertebra bears an eiiural and 
a hypnral bone. All the hypura.ls are firmly attached proxiinally ; 
t he dermotrichia embrace the terminal endoskeleta.l supports to 
their base ; thus the fin forms a most etlicient organ of locomotion, 
seen to advantage in the swift swimming jMackerel. 

Zeus faber. (Zeorhombi, Zeidau) (Plate XLIX. fig. 23.) 

In this fish, the John Dory, a fairly t}^pical fiat-fish form is 
met with. The nro.style is lost to view; clearing shows it to be 
present as a minute hook embedded in the tissue of the last 
iiy[>ural. The three terminal hypnrals {hy.) are fused with the 
last centrum {Lv.) into a single piece, though the outlines of 
the liypurals still remain visible. The last two com])lete centra 
each have a W(dl-develo])ed e])Ui’al (ep.) and hypnral bone, and 
the former are specially interesting inasmuch ns they show clearly 
that the epnral is formed by a fusion of radial with neural sjiinc, 
apparently by means of a secondary ossification. The last centrum 
has a small neural arch developed. Of other .supports of 

di'rniotrichia there are two dorsal caudal radials {d.c.7\) between 
the last epnral and hypnral, and al.so a ventral caudal radial 
(e.e.r.) immediati‘ly a.ntiaaor to the large terminal hypnral plate. 
Idle caudal fin, therefore, is a, specialized honioeercal type. 

SoBEA LUTEA. (Zoorlioinhi, Pleuroiiectidic.) (Plate XLIX. 
iig. 24.) 

Snlea h(tea may be taken as [lossessing a good re})resentativo 
tvpe of PUaironectid canilal fin. It has a more delicate build, 
but essentially is very similar to that of Zeiis. A clearing agmit 
shows the otlierwise invisible nrostyle to lie a mere hook-liko 
opwardly diri'cted termination of tlie last centrum. The four 
hypnrals of this centrum ai‘e firmly united, thougli h‘ss so than 
in occupy a tca ininal position. Tlu‘ jHMinhimate vi'rtehi’a 

has a well-<le\ clopeil epnral (f/>.) and hypnral (////.) hone; since 
referema* has b(am nia<lc iw ( '<>le to th(‘ cornvsponding epnral ami 
hv[)ural in thi‘ IMaici*. it is interesting to eoinpari’ llami in the 
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two species. In the Liverpool Liologienl Coininittee iUenioii* on 
the Plaice, (Jole snys, on j). 00; — “In the last distinct vertebra 
{i.e, the penultimate vertebra) it will be seen that the neuriil 
spine resembles the luciiial si>ine in structure, but that both are 
peculiar. Each consists of a partly cartilaginous shaft behind 
a,nd a thin laminate portion in front. The posterior shafts so 
closely resemble the succeeding epiiral (L e. dorsal caudal radial) 
and liyj3ural (i. e, ventral caudal radial) bones respectively as to 
suggest that an epicral above and a liypural below have fused on to 
the laminate portions^ which latter are undoubtedly similar to and 
perhaps lepresent the neural and hfeinal spines in front. As, 
however, we have no positive evidence of such a fusion, the sjanes 
in question are here described as simple neural and luemal 
spines.” Though in Solea liitea this point is not so obvious as in 
Pleuronectes, there is to be seen a distinct fusion line running 
transversely across the proximal part of the epural, so that a 
parallelism does occur between the two species. I take it that 
Cole reserves eommittance on the subject on the ground that 
actual fusion has not been observed during development ; but it 
is scarcely to be expected that such a minute feature as the fusion 
of a radial with a neural or haemal spine will be recapitulated in 
development, so that lack of embryological evidence would not 
be fatal to the theory. But we have seen in the case of Box salpa 
that such a fusion can be traced in development ; had Cole been 
acquainted Avith this as well as numei'ous other examples I'e- 
sembling that of the Plaice, he doubtless Avould have considered 
these epurals and hypurals more than mere neiu'al and ha?nial 
spines. 

To complete the description of the caudal fin of Solea^ there 
are two doi’sal caudal ludials {dxu\) between the epui\al and 
hypural bones ; in the corresponding position A^entrally there is 
a ventral caudal i‘adial {v.c.r,). The last centrum bears a neural 
arch (ii.a.) Avhich is not, as may be at first supposed, a urostyle, 
since the spinal cord passes through it, in the fashion of 

other neural arches, in its course along the dorsal edge of the 
last hypural. 

The caudal fin, then, is a homocercal type of an advanced 
nature. It may be mentioned that other species of Solea^ e. g. 
S, monochir and 8 . impai\ difier from 8. lutea only in the number 
of tei'ininal hypurals and the extent of their collateral fusion. 

Gobius paganellus. (Gobiiformes, Gobiidre.) (Plate L. 
fig. 25.) 

The urostyle (itr,) is greatly reduced, and almost non-existent 
and fused Avith the last hypural bone. There are three hypurals, 
the last tAA’o, the largest, being fused to the last vertebral seg- 
ment. A small trace of neural arch is present on the last 
centrum and that of the penultimate is also reduced. Doi'sally 
there are tAvo caudal radials (d.c.r,) and veiitrally one (c.c.r.), thc^ 
latter lying between the first and second hypurals. 'bhe spinal 
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coi'd (tan be jseeii to extend along the whole length of the lajst 
hy})nral. 

Cartilage enters very considerably into this caudal tin. Both 
the anterior dorsal and anterior ventral tin-rays are supported 
by cartilage which is somewhat irregularly disposed, and which 
extends inwards even to the vertebral axis. It is the irregular 
nature of these cartilages that has led me to attach no importance 
to them as homologues of ordinaiy siij»poi ting elements such a.s 
radials, but merely to regard them, both here and frequently 
elsewhere, as convenient secondary developments to support the 
less important dermotricliia. 

L have been fortunate in obtaining a fairly good series of 
developmental stages of and the larvte show exceedingly 

well how a condition in which the urostyle is very much reduced 
in the adult, is preceded by stages in which this structure is very 
]3rominent ; and how, by a secondary encroachment of the last 
hv]niral bone, the urostyle is incorporated with this hypurah 

The caudal fin of Gobius pa(janellns is a type of considerably 
advanced lioinocercy. 

Eciiexejs xat'Cuates. (Discocei»hali.) 

A long well-developed urostyle is ])resent, attaclied to which, 
together with the last centnim, are six liypural bones closely 
fitting together. A well-developed neural arch is clo.sely applied 
to the donsal edge of the last vertebral segment ; the penultimate 
vertebra possesses a hypural and an epural, anil immediately pos- 
terior to the latter are three dorsal caudal radials, slenderly built. 
This fin must therefore be con.sidered a lowly specialized homo- 
cercal caudal. 

Hcoiuvena scaoFA. (Sclero[)arei, 8corpami(he.) (Blate L. 

fig. -27.) 

The vert(d)ral axis ends in a well-marked and fi'ee urostyle. 
ddii'ce undoubted hy])ura.l bones are attached to the last vertebral 
segment, while in a. direct line with the axis of the urostyle is a 
slender ray-bearing bone which may be considered a hypural oi- 
a radial. Between this bone and the epural (cy;.) attached to 
the antepenultimate vertebia ai-e tlu’ce dorsal caudal radials 
{(Lc.r.). The neural arch of the penultimate '\ crtebia is reduced ; 
thei‘e is also a slender bone immediately above, and 

closely a])proxiiuated to the urostyle, which protects the delicate 
(uidiiig of the spinal cord ; it is ]»robably, therefoi’e, a neural arch 
of some vei-tebra now absorbed into tlie urostyle. Both the 
second and thii-d la.st vertebne bear a strong hypural bone. This 
c.audal fin i.s an exiadlent examph'of a foi'iu intei’iiiediate between 
a lowly and a highly sp(‘cialized ty[»c. 

1’uioLA uxEATA. (Sclcropa r(‘i, 'Iriglida'.) (Plate Ij. fig. 28.) 

Th(‘ urnstyli‘ here Is practically non exist (*nt. and tiaccs of it 
can be seen cnly aftci’ tlie tail has been treated with a clearing 
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agent; thus the last vei-tebral segment and tlie last hypni-al 
become one solid stiaicture. Three more hypurals are attnched 
to the last vertebral segment and one is also attached to the 
preceding centrum. The whole of the dorsal contribution to 
the caudal fin is supported by four caudal radials. The neural 
arch to the penultimate centrum is much reduced. Though 
classified in the same division of Acarithopterygii as Scorpcrna, 
T rigid provides a striking contrast to this form in the degree of 
specialization of the caudal fin, being quite a highly specialized 
type. 

Uraxoscopus scaber. (Jugidares, Tra,chinid?e.) 

The urostyle is absent or indistinguishably fused with the last 
liypiiral bone. Hypaxially, the last centrum bears three hypnral 
bones, and epaxially a well -developed neural arch. The pen- 
ultimate vertebra possesses a hypural bone, but its neural arch is 
greatly reduced ; the antepenultimate vertebra bears both a 
hypural and epural. Between the epural bone and the neural 
arch of the last centrum are three dorsal caudal radials, while 
between this same neural arch and the liyiDural which is fused 
with the last centrum is a ra 3 ^-bearing bone which is probably an 
epaxial element, though situated venti'al to the spinal cord, since 
it is usual for the urostyle to fuse with the last, if any, of the 
hypural bones. This caudal fin, therefore, attains to a fairl}- 
high standard of homocercy. 

Oallioxymus LYRA. (Jugulares, Callionymidie.) (Plate L. 

fig. 26.) 

The caudal fin of CalUonymus is a very simple type. No 
urostyle is present ; the last vertebral segment has three h 3 q)iirals 
fiimly attached to it and to each otlier, thus forming a single 
piece, to which dorsal ly is also fused the neural arch of the last 
vertebra. The penultimate vertebra bears an epural (cp.) and a 
hypural, and one dorsal caudal radial {d.c.r.) is present. 

Cristiceps argextatus. (Jugulares, Blenniidte.) (Plate L. 

fig. 29.) 

The urostyle is present only as a small hook embedded in the 
tissue of the last hypural bone. Hypaxiall^^ the last vertebral 
segment possesses two hypurals of about equal size, while dorsal I v 
it shows traces of two neural arches, thinugh which the spinal 
cord passes on its way some distance beyond the end of the axis. 
The penultimate vertebra possesses an epural and a hypural ; 
posterior to this is a large dorsal caudal radial. Immediatelv 
adjoining the distal end of the last hypural, and on its dorsal 
side, is a small ray-bearing cartilage, and another one on either 
side of the dorsal radial. Similar cartilages are to be found 
ventralh^ in a corresponding position. This caudal fin, therefore, 
will be regarded as a highly specialized homocercal type. 
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Oi’niDiUM itAUiiATr.M. (»I nirulaivs, ( )|)liiilii(la*.) (Plate L. 

.‘U).) 

All the median hiis of this fish are eontiiuioiis with one another, 
and the eaiidal proper may in this particular case he limited to thos(‘ 
• lerniotrichia which are not suj»|)orted by the ty|)ical nulial oi* 
somactid of the dorsal an<l anal lins. This confines the caudal 
ra>'s to those ei^dit or nine supported by a lar^e teianinal hyi)ural, 
often deeply and irregularly cleft, which is lirinly coalesced with 
t he last vertebral segment ; the urostyle therefore is reduced to 
t he merest vestige. A diminished neural arcli is to be seen on 
the last centrum, and the nerve-cord runs along the whole length 
of the dorsal edge of the liy[)ural. Thus the caudal tin itself is 
exceedingly simple in form and very highly sjiecialized. The 
neural and luemal arches of the penultimate vertebra have a 
cartilaginous shaft fused to their posterior side ; in reality, theri^- 
fore, they may bo considered epural and hypural respectively, 
but bearing no fin -rays. 

General remarks on the Acanthopteryyian Caudal Fin. 

A sufiicient number of types from various divisions of the 
Acanthopterygii have been dealt with to show how, in a single 
sub-order of Teleosts, the structure of the tail-tin may vary. 
Even in the same division of the sub-order, vastly dilierent ty}>es 
are found ; for example, in the Perciformes, the genera Serranuf<^ 
/)o.r, Cautharus^ and others have features characteristic of the 
less specialized honiocercal tail, such as a long and free urostyle 
and a large number of hypural bones attached to the last vertebi al 
segment; on the other hand, the Wrasses (Labrhhe) have lost 
these lowly specialized features and attained to the rank of high 
specialization. The Sclerojiarei })rovide a similar contra.st, 
Scarprena having a much less advanced type than Triyla. it 
wuuld be dillicult to ac‘count for such variations between tyi^es 
otherwise .so closely related, exc(‘pt on physiological grounds, but 
it indicates that the tail-fin is not a safe guide, or ratluu-, a 
wholly sat isfactory character, by which fishes can be classified. 

In the main, however, advancetl homocercy is exhibited among 
Acanthopierygian caiidals, except for the Perciformes; this 
division iio.ssesscs the greate.st number of le.ss s]iecialized tails 
(the Labrida) .are tiie only family with much exception), but it is, 
.as a division, the le.ast specializial among the Acanthojdervgii. 
Fi’oni till' foregoing descriptions it will b(' seen th.at tlie »1 ugnlar(*s 
pos.sess the mo.st .adv.anced types of homocercy ; of the six genera 
which have In'cn subjected to examination, viz. Franoscopns, 
Trachinus, Lepadoyaster, Blennius^ Cristiceps., iUM\ OphidiunK w\\ 
po.vsess advanced fe.atures in the camlal fin ; but the Jugulares are, 
as .a tlivision, among the mo.st specialized ot the Acantho])terygii. 
'rin^ Zcorhombi occupy .an intermediate position, and all members 
h.av(‘ very simil.ai- t.iils: they have a greatly reduced iirostyh* 
fusi'd witli .a hypur.al, and .also a larg(‘ number nf h\ pui'.als to the 
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last vei’te])ra,l segnient ; thus thei-e is an a.ih'anood foatiiro (tliu 
former) and a lowei- feature (tln^ lattoi*) both |)r(\s(‘nt in tlie s;mn‘ 
caudal — in other words, an intermediate condition in specialization 
is present, which is consistent with the intermediate position the 
division occupies among the Acaiithopterygii. 

It would, therefore, seem that each individual division has its 
own grades of specialization within itself, and in t.his ininoi* 
classification the structure of the tail does correspond with the 
general structure of the fish in respect to specialized features in 
general. In the Pei'ciformes, the Serranidie are among the least 
s[)ecialized of the several families, and the Labridc'c are at the 
other end of the scale; and it has been pointed out that members 
of the former family have less specialized taits, by far, than those 
of the latter; thus caudal features correspond with specialized 
features in general, within this division. Exactly the same 
thing occui’S among the Scleroparei, where the least specialized 
members are the Scorpienida3 and one of the most specialized 
tlie Triglida3 ; the Scoi'])amidie have lowly and the Triglida; 
highly specialized caudal fins. 

The Scleroparei are a more specialized division than the Perci- 
formes, and yet Scorpcena^ among the former, has a less specialized 
tail than that of Lahras in the latter division. Tlius while tin* 
caudal fin may not be depended upon as a feature foi* classification 
in a broad sense, it may be useful within the scope of a single 
division. 

0 r 1 s T II o M I. 

Mastacembelus sp. ? (Plate L. fig. 31.) 

This fish possesses a continuous undifferentiated median fin ; 
the urostyle is w^ell-marked and free, and equal in length to a 
vertebra. The limits of the caudal fin proper are probably best 
lixed here by those dermotrichia supported by hypurnl bones, of 
wdiich two are associated wdth the last vertebral segment, the 
anterior one being obviously composed of three fused collaterally, 
and one with the penultimate vertebra. All the remaining fin- 
rays of the median fin are borne by radials ; no e[)urals are 
])i-esent. A trace remains of the neural arch to the last vertebra., 
dims the tail is definitely homocercal ; in regard to this, it is 
strange that authors refer to it as a gephyrocercal tail. The only 
possible foundation for so naming this type is the apparent 
.symmetry due to the confluent tins; it mu.st, how^ever, be insisted 
on that gephyrocercy indicates true secondary symmetiy, i. e. an 
abbreviated protocercal condition. It is obvious that such a tail 
as that of Mastacemhelas cannot be refeired to the same category 
as that of Fierasfer, 

Pediculati. 

Lopiiius PiscATOiuus. (Plate L. fig. 32.) 

This fish may be said to illustrate the extreniest type of 
advanced homocercy. Piucticallv oiily one hv])ural is javsent. 


